Abstract: In this study the possible effects of two predicted climate change scenarios on soil water regime of Hungarian Calcic Chernozem soils has been investigated. Soil profiles classified as Calcic Chernozem -in total 49 -were selected from the MARTHA soil physical database that incorporates soil data at national scale. These profiles were subdivided into three groups (sandy loam, loam and clayey loam) in accordance with their mechanical composition. Soil water retention curves were scaled separately for each of the three textural groups, using similar media scaling in order to represent the variability of soil hydrophysical data with one parameter, the scaling factor (SF). Reference soil profiles were chosen according to the cumulative distribution function of the scaling factor, six for each textural group. Daily downscaled meteorological data from A2 and B2 climate scenarios of the Hadley Centre (2070-2100) and data from a reference period (RF, 1961(RF, -1990 were used in this study to characterize different climatic situations. Nine representative years were selected in case of all the three scenarios, using the cumulative probability function of the annual precipitation sum. Scenario analyses were performed, validating the SWAP soil water balance simulation model for the 18 reference soil profiles and 27 representative years in order to evaluate the expected changes in soil water regime under different from the present (RF) climatic conditions (A2 and B2 scenarios). Our results show that the scaling factor could be used as a climate sensitivity indicator of soil water regime. The large climate sensitivity of the majority of Chernozem soil subtypes water regime has been proven.
Introduction
According to the most recent studies of European Commission (Iglesias et al. 2007) , the projected impacts from climate change for the Carpathian Basin show considerable decrease in summer rainfall amount and increase of soil drought sensitivity. Moreover, a rapid increase in the occurrence of extreme events (short but heavy rainfalls, long dry periods, heat waves etc.) can be expected.
Climate warming and changes in quantity, distribution and intensity of precipitation can strongly influence the heat-, water-and nutrient regime of soils, and, consequently, soil fertility (Várallyay 1992; Németh 1996) .
Beside of the climatic factors (precipitation; temperature; evaporation etc.), hydrological factors (surface runoff, groundwater level etc.) and agronomical factors (inappropriate soil tillage and fertilisation strategy etc.), soil properties (texture, soil water retention and conductivity, organic matter content etc.) may play crucial role in formation of drought, inland water and the length of these periods (Stekauerová et al. 2006) . Consequently, studies on the effect of predicted climate change scenarios on soil water regime and water balance of main plants grown in the region play important role (Birkás & Gyuricza 2004; Tuba et al. 2004) . Water, heat and mass exchange processes in the soil-plant-atmosphere system are determined by many different factors. Since individual factors influence soil water and heat regimes in different ways and in different magnitudes, their joint effect is difficult to measure or estimate. Simulation models are useful tools for analysing soil water regime with respect to soil physical, soil hydraulic properties and climate conditions. Thus, these models can efficiently be used for estimating the soil water regime under different conditions by integrating the individual effect of different factors (Farkas & Rajkai 2002) .
Our main objective was to develop a methodology for stochastic assessment of climate sensitivity of soil water regime based on large scale soil physical database Table 1 . Main meteorological parameters of the climate scenarios and reference years, used in the scenario analyses. RF (1961 RF ( -1990 A2 (2070-2100) B2 (2070-2100) and mathematical modelling. Results were evaluated for Hungarian Calcic Chernozem soils in order to analyse general tendencies and relationships. Our investigation mainly concerned the soil water balance elements that have major effect on agricultural production. Among the climatic factors, changes in air temperature and precipitation were considered, as the main driving forces determining evaporation conditions, surface runoff and soil water regime. Regarding soil properties, differences in soil hydraulic functions were accounted for in the scenario analyzes, because these curves characterise soil textural and structural characteristics as well as organic matter content in a complex way. (Bartholy et al. 2007 ) data on minimum, maximum and mean air temperature as well as precipitation for 31-31 years in daily resolution. In case of both (A2 and B2) scenarios, an increase and a decrease in average growing season temperature and yearly precipitation, respectively, was reported (Bartholy et al. 2007 ). The average temperature according to scenario A2 would be higher; this forecast predicted warmer and dryer climate conditions (Table 1 ). The precipitation distribution indicated more variety in case of scenario B2 compared to scenario A2, with more frequent occurrence of extreme situations. Variability of meteorological properties within the reference period (RF) and the climate scenarios (A2 and B2) were represented in the model by 9-9 selected representative years (Table 1) , corresponding to chosen values of the cumulative probability function of the yearly precipitation sum (PSP). Scenario analyses for predicting the soil water regime under different climatic conditions were performed, running the SWAP soil water balance simulation model (Van Dam 2000) with the reference-and downscaled scenario weather data, using the previously calibrated for Hungarian conditions model parameters (Farkas 2004) . Soil hydraulic properties were introduced by the Van Genuchten -Mualem (Mualem, 1976; Van Genuchten 1980 ) expression in the model.
Material and methods
To account for the variability of Calcic Chernozem soil properties, three different texture groups (sandy loam (SL) -11 soil profiles; loam (L) -17 soil profiles and clayey loam (CL) -21 soil profiles) were selected, using the MARTHA soil physical database (Makó & Tóth, 2008) . The soil water retention curves were scaled separately for each of the three textural classes, using similar media scaling (Miller & Miller, 1956) . During the scaling procedure, a "mean" soil water retention (pF-) curve was found for groups SL, L and CL ( Fig. 1 ). Thereafter, a scaling factor (SF) was calculated for each individual pF-curve, representing the deviation of the particular curve from the mean one. The main advantage of the scaling procedure is that the scaling factors characterise the within textural variability of soil hydrophysical properties with one parameter. For all the three texture groups (SL, L and CL), six reference soil profiles were chosen according to the cumulative distribution function of the scaling factor (PSF) to be used in the scenario analyses. By this approach, the assessment of soil water balance elements can be simplified, analysing the effect of only one parameter (SF) instead of that of a set of hydrophysical functions.
In total, 486 model validations were performed for 9 different relative frequencies of the precipitation sum (PSP = 0; 0.125; 0.250; 0.370; 0.500; 0.625; 0.750; 0.875 and 1.0) within three different climate situations (RF, A2 and B2) in combination with soil hydrophysical input data, corresponding to the six reference soil profiles (PSF = 0.00; 0.25; 0.50; 0.70; 0.85 and 1.00.) of the three textural groups (SL, L and CL). Due to gaps in the MARTHA database with respect to subsoil properties, differences in soil hydrophysical (lower table) .
characteristics were accounted for the upper 30 cm soil layer only.
In the frame of the scenario analyses, a stochastic assessment of the effects of various climate situations on soil water content and total amount of water, stored in the soil profile was carried out for the selected 3 × 9 representative years and 3 × 6 reference soil profiles. The influence of soil texture and water retention capacity on soil water regime was investigated for years, representing the whole range of possible precipitation amount within different climatic conditions.
Results

Water retention curves
The average pF-curves (SF = 1) of the three textural classes are presented in Figure 1 . No big differences between the saturated and residual soil water contents were found among the three texture groups. However, water contents, corresponding to field capacity (Θ pF=2.3 ) and to the plant-available water range (between field capacity and wilting point, Θ pF=4.2 ), showed valuable, up to 0.15 m 3 m −3 differences, having the highest and lowest values in case of CL and SL textured soils, respectively.
The scaling factor showed positive and negative correlation with the total soil water content and wilting point, respectively. The most and less homogeneous set of curves was found for the CL and SL soils, correspondingly. The determination coefficient (R 2 ) between the scaling factor and humus content (HUM) as well as wilting point (Θ pF=4,2 ) increased with increasing clay content from 5% to 46% (HUM) and 56% to 76 % (Θ pF=4.2 ). The relationship between SF and Θ pF=2.5 was found to be the strongest for SL (R 2 = 61%) and the weakest for LC (R 2 = 24%) soils. Considerable variation in soil water retention characteristics between and within the three soil texture groups indicated, that the soil water regime of these soils could be rather dissimilar even under similar weather conditions.
Total amount of water in the soil
The yearly maximum (tsw max), minimum (tsw min) and average (tsw average) amount of total soil water (tsw), stored in the upper 30-and 100 cm soil layers was examined. Additionally, the yearly balance of soil water storage (∆tsw), calculated as the difference between the TSW values in the beginning and the end of the year, was evaluated in order to find out changes in soil water storage within the particular year.
For all the three textural groups, the amount of water, stored in the soil profile was inversely proportional to the scaling factor (Figure 2) . Valuable, up to 50-60 mm differences could be observed in the yearly average total soil water values (tsw average) of the upper 30 cm layer even within the same texture class. This proves that along with the mechanical composition, soil structure and pore size distribution play major role in formation of soil water storage.
The effect of variation in soil hydraulic functions (represented by the scaling factor) on TSW is demonstrated for sandy loam Chernozem soils in Figure it was found, that in case of A2 and B2 scenarios the tsw average in years with the highest precipitation amount of rare occurrence (A2 1.0 and B2 1.0) was only at the level, characterising years with average precipitation amount in the present climate (RF 0.5). This practically means that by the end of the century much lower amount of water would be stored in the soil in years with most frequent occurrence with respect to precipitation sum (A2 0.5 and B2 0.5). Moreover, in the average years of A2 scenario (A2 0.5) the TSW could be much lower, than that in extremely dry years of the reference period (RF 0.0). A second order polygon was fit to simulated values. Coefficients of determination (R 2 ) showed strong relationship between the yearly average values of soil water storage and scaling factor, ranging from 0.75 to 0.96 and 0.74 to 0.94 for the upper 30 and 100 cm layers, respectively.
Results, obtained for the whole profile (0-100 cm) with respect to tsw average and ∆tsw showed similar tendencies to those found for the topsoil, reflecting the valuable effect of the topsoil properties on soil water regime of the whole profile. However, curves corresponding to B2 scenario were much closer to those of reference (RF) period, than the curves, corresponding to A2 scenario.
In the upper 30 cm soil layer the yearly water balance, ∆tsw, was positive in almost all the cases. Within the whole soil profile, however, increase in water storage by the end of the year could only be observed in years with average and high precipitation sum (P SP ≥ 0.5) for soils with SF >1.0. Good statistical agreement between the scaling factor and ∆tsw was found in almost all the cases, with determination coefficient (R 2 ) ranging between 0.96 and 0.99. For years RF 0.0 and A2 1.0, however, this relationship was week (R 2 = 0.29 and 0.31, respectively) and the shape of the curves was different. We assume, that frequent occurrence of extreme hydrological situations, causing rapid surface runoff or water pounding could be the reason for that. In those cases factors, different from the properties of soil could govern processes, determining soil water storage.
Increase in variability of tsw average, ∆tsw and tsw max values (data not shown) values, corresponding to the same climatic situation could be observed with increasing values of the scaling factor (SF). This indicated that the scaling factor could be used as an indicator of climate sensitivity of soil water regime. With respect to Calcic Chernozem soils, involved in this study we concluded that soil variants with scaling factors smaller than 0.5 were relatively insensitive to extreme weather conditions, while water regime of soils with high SF values was extremely sensitive to weather conditions.
Yearly smallest amount of tsw min (Fig. 3 . bottom) for a particular layer (0-30 or 300-100 cm) was similar for all the climate scenarios (RF, A2 and B2) and showed strong relationship with the scaling factor. These results were in accordance with our expectations, since the smallest soil water content depends from soil properties only.
Discussion
The methodology of the scenario analysis, applied in this study was found to be an effective tool to make a stochastic assessment of the sensitivity of soil water regime to climate change. It was concluded that the scaling factor, depending on both, soil structural and textural properties could be used as an indicator of soil water regime climate sensitivity.
Our results indicate that compared to the present situation, by the end of the century much lower amount of water would be stored in Chernozem soils in years with most frequent occurrence. In such years, shortage of water could be as strong as in extremely dry years of the present climate. This calls attention towards the development of various soil and water management strategies that could reduce the drought sensitivity of agricultural soils in the Carpathian Basin.
We concluded that the scenario analyses should be extended for studying the effect of climatic factors on plant available water and soil water balance elements (evaporation, transpiration etc.) in order to quantify the sensitivity of the productivity of Hungarian Chernozem soils to climate change. Furthermore, it would be important to examine the consequence of extreme weather events (long dry periods; heavy rain-storms etc.) and hydrological situations on soil water regime.
